(Co)variance components for regional production of milk, fat, and fat percentage were estimated via multiple-trait REML using DHIA data from California, New York, and Wisconsin. Data consisted of registered and grade first lactation yields of Holstein cattle from 1970 through 1984. Records were limited to daughters from sires common to the pairs of states analyzed. , .21, and .34) . Grade records were also investigated; numbers of records in California were reduced by about 25%. whereas records in both New York and Wisconsin were reduced by about 66%. Genetic correlations were virtually unchanged, but heritabilities for milk and fat in the three states were similar (approximately .17) and significantly smaller than those from combined registered and grade daughters. In conclu-
INTRODUCTION

Use of bulls across regions of the United
States raises questions about the use of records from daughters located in subpopulations with high heritabilities to evaluate and select sires for milk traits in gther subpopulations and also whether sires are expected to rank similarly in different regions within the country. Previous studies (17, 19) showed that heritabilities for milk yield, fat yield, and fat percentage do not differ significantly when samples from California (CA), New York (NY), and Wisconsin (WI) are compared. Those results suggest there would not be significant gain from using a larger percentage of daughters from any of these states in order to evaluate sires. In a study by Lytton and Legates (9), a high estimate of the genetic correlation among sires' breeding values and a low estimate of the sire by region interaction component of variance led them to conclude that no interaction between northern and southern regions of the US existed, but they suggested that additional confirmation was needed.
The primary purpose of this study was to investigate the possibility of a genotype by environment interaction for dairy production traits across different regions of the US. The three states chosen were CA, NY, and WI as these states might be considered representative of different environments in the US, representing three important producing regions differing in location, climate, mean production, and management. Consequently, traits were defined according to "state of production", and (co)variance components and genetic correlations across states were estimated.
MATERIALS AND METHODS
Data
Data sets from CA, NY, and WI were obtained from the Animal Improvement Programs Laboratory (AIPL) of the USDA. Data contained 305-d, mature equivalent, first lactation records for milk production, fat production, and fat percentage of Holstein cows freshening from 1970 through 1984. Both registered and grade cattle were represented. The original size of the data set for each state was about 600, OOO records. Each data set was edited for sires with 10 or less daughters and herd-year-season (HYS) with only one sire. Sires common to each pair of the three states being analyzed were then identified. Because the number of sires found in each case corresponded roughly to the computational limits, records in each analysis were limited to those of sires common to the pair of states in question. Thus, two overlapping data sets were used for each state. A summary of the data and edits is in Table 1 . Statistics for the combination of registered and grade (whole) and grade only data sets are in Table 2 .
METHODS
(C0)variance components for milk production, fat production, and fat percentage, within and among states, were estimated using a twotrait REML procedure. Therefore, analyses were performed on pairs of states rather than on all three states simultaneously. Genetic correlations that were estimated were restricted to the same trait across states (e.g., milk in CA with milk in NY, but In matrix notation, the model used for the analyses was:
where y1 and y2 are vectors of observations for a trait (milk production or fat production or fat percentage) in states 1 and 2 or 1 and 3 or 2 and 3; Xi and Z i are known incidence matrices, associated with vectors of fixed (pi) and random (ui) effects; and ei is the vector of residual effects. If gii is the sire genetic variance for state i, gi, is the sire genetic covariance between states i and j, and ri is the residual variance for state i; then for Ni being the total number of observations in state i, the assumptions for u and e are: 
RESULTS AND DISCUSSION
Estimates for genetic correlations are in Table 3. All were greater than .90, which seems to indicate little evidence of any important genotype by environment interactions for production maits across the three states, because "if the genetic correlation is high, then performance in two different environments represents very nearly the same characters, determined by very nearly the same set of genes" [Falconer (7) ]. If these states are representative, then there should be no significant reranking of bulls across these different regions of the US. Lytton Lack of knowledge concerning the distribution of the obtained estimates of genetic correlation allows neither any accurate calculation of standard errors nor an objective statistical model to test whether or not the genetic correlations are significantly different from 1. However, the authors trust that the standard errors associated with the estimates of genetic correlation are relatively small, given that the average number of daughters per sire (>300) and the average total number of observations (>300,000) were relatively large. Lack of evidence for genotype by environment interaction in the US from other studies (5, 9, 15) also supports this claim. In an effort to clarify this, approximate standard errors for the estimates of genetic correlation were calculated after Rob ertson (12), based on approximate standard errors for the heritabilities after Swiger et al. (14) . The standard errors for the estimates of genetic correlation were all small, the largest being .003. It should be noted that these a p proximations are not particularly good (12) when the genetic correlation is near 1, as is the case here.
An obvious trend in rankings of the correlations within each production trait was observed.
Those for NY and WI were largest, followed by CA and NY, with CA and WI smallest. These trends were also found for grade data with smaller, but probably not significantly smaller, correlations. If it is reasonable to consider CA, NY, and W as high, medium, and low in milk production (despite the fact that NY and WI are quite close), then these correlations agree with work done by DeVeer and Van Vleck (5). They found the highest correlation (9) between medium and low production herds from Northeast data during 1970 and 1971.
The largest correlations were found for fat percentage; correlations were similar across pairs of states and also across analyses (whole versus grade only). These correlations may indicate that propomon of fat in milk is essentially the same trait across states, even though actual means for the three states were different. Although no significant reranking of bulls is expected across different regions, differences among bulls may be larger or smaller when evaluations are compared in various states.
Such variation in differences is an interaction also, but it was not considered in this study.
Because variance components were available, estimates of heritability were calculated for each trait. The two estimates within state for each trait were in close agreement, probably because of the large number of cows and sires common to the two samples. Consequently, averages of estimates from both samples are in Table 4 . Heritability estimates for milk and fat production were about .24 for all states when using whole data and about .17 for grade data. Differences between the two sets were less for fat percentage; whole data averaged about .42 whereas grade data averaged around .37. New
York data had the highest heritability estimates for all three traits.
Estimates of heritability for the whole data set, although smaller than those obtained in some studies (2, 4, 6, 13, 16, 17, 19), agree with those of Lawlor (8) and DeVeer and Van Vleck ( 5 ) and are similar to those quoted by Maijala and Hanna (10) . Some studies (1 1, 18) found a decrease in heritability over time since 1977. Smaller estimates found for grade only data are difficult to explain. Differences in heritability estimates were found between grade and registered records by Wade and Van Vleck (19) from daughter on dam regression, but these differences were smaller. Other studies using daughter on dam regression (13) and paternal half-sib correlation (IS) found little or no differences in estimates between data for grade and registered cows. Because the present study was primarily intended to investigate ge- notype by environment interaction, a breakdown of the data into grade and registered records was not considered necessary initially. However, after small estimates of heritability were found in grade only data, one registered only data set was analyzed (milk in NY and WI). The same procedure and edits applied for this last analysis. A summary of both the data and results is in Table 5 . The correlation was large (9). as expected, and heritabilities were larger than those obtained from the whole analysis (.32 for NY and .29 for WI). If one assumes that the other heritabilities from data of registered cows follow a similar fashion, then Two studies (17, 19) merit special mention since they dealt with the same three states over roughly the same time period as that studied here. Both studies reported larger heritabilities for milk, fat, and fat percentage than those in this study. There are two main reasons offered for the smaller estimates found here. First, records in the data sets were restricted to daughters of sires with 10 or more daughters. About 62% of sires in NY and WI had 50 or more daughters in each of those two states, and this proportion was closer to 70% for California data. Second, daughters were limited to bulls common to at least two of the three states analyzed. Both of these facts, especially the latter, imply that the bulls were a selected group, which would be expected LO reduce the genetic variance and, hence, heritability. The estimates of sire and residual variance are in Table 6 . The estimates of genetic variance found in this study (four times the estimate of the sire component) do not agree with those obtained by Van Vleck et al. (17) using an animal model. This difference supports the notion that selection on bulls conmbuted to reduced heritability estimates in this study. There is also the chance pedigree information available for grade animals is less accurate; when the grade only subsets were investigated, numbers of records were only reduced by about 25% in CA but by about 66% in both NY and WI. If the situation in CA is indicative of misidentification, this may lead to smaller estimates of heritability for grade data, as has been discussed in a previous study (19) .
CONCLUSONS
Estimates of genetic correlation reported here indicate no important genotype by environment interaction for milk yield, fat yield, or fat percentage among the states examined. If these states can be considered representative of their regions, the conclusion is that bulls with daughters in one region would not be expected to be significantly reranked on records of daughters in another region of the US.
Heritability estimates from grade data were smaller than estimates from the whole data set, and indications are that estimates from grade data are smaller than those from records of registered cows. Estimates for the whole data set are somewhat smaller than sometimes reported, possibly because of bias from selection on bulls. Heritability estimates across states are so similar that there is no indication that selection of bull dams should be made only in some regions. There are indications of differing variances across states, and as has been suggested (19) , perhaps heterogeneity of variance should be accounted for in current evaluation schemes.
